World Journal of Pharmaceutical Research
Srividya et al.

World Journal of Pharmaceutical
Research
SJIF Impact Factor 5.045

Volume 3, Issue 5, 105-118.

Review Article

ISSN 2277 – 7105

PHYSICAL, CHEMICAL AND BIOLOGICAL PROPERTIES OF
LUTEIN: A REVIEW
Ammayappan Rajam Srividya*, Vaithiyalingam Jagannathan Vishnuvarthan
Assistant professor Department of Pharmaceutical biotechnology JSS College of Pharmacy,
Rocklands, Ootacamund, Tamilnadu, South India- 64300
Article Received on
16 May 2014,
Revised on 10 June 2014,
Accepted on 04 July 2014

ABSTRACT
Lutein is along with β-carotene, one of the most widely distributed
carotenoids in fruits and vegetables frequently consumed by different
populations. Chemically lutein is the dihydroxy derivative of αcarotene presenting two hydroxyl group at the terminal rings of the
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protection to the skin against UV light radiations and cancer. Lutein
had an Inhibitory effect on Epstein-Barr virus activation in tumor
activity to suppress the tumor promotion. Lutein showed the anti-tumor

promoting activities in mouse two-stage skin carcinogenesis and decreased the number of
aberrant crypt foci in rat colon. Lutein suppressed tumorigenesis in skin and colon in mice.
KEY WORDS: Lutein, eye protection, anticancer, antioxidant, Carotenoid.
INTRODUCTION
Lutein is a plant pigment that belongs to the well known group of carotenoids with the
molecular formula C40H56O2.. Man is not capable of synthesizing carotenoids de novo and
thus their presence in human tissues is entirely of dietary origin although man is capable of
modifying some of them to some extent. Lutein is along with β-carotene, one of the most
widely distributed carotenoids in fruits and vegetables frequently consumed by different
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populations. Lutein: is a Carotene-3,3'-diol with the molecular weight 568.871. Its melting
point is 183-1850 C ([1,2,3,4]).
Lutein absorbance and distribution ([5] )
Chemically lutein is the dihydroxy derivative of α- carotene presenting two hydroxyl group at
the terminal rings of the molecules. In food, lutein can be found either in its free form, bound
to proteins or esterified as a monoester or diester. After being released from the food matrix,
it is incorporated into micells to be absorbed by passive by enterocytes and along with other
carotenoids and other fat molecules dietary compounds is incorporated into nascent
chylomicrons for transport to the liver. In blood, lutein is transported by lipoprotein with an
even distribution among different classes.

Because of its polarity, it is assumed to be located at the lipoprotein surface and thus is more
readily transferred among the different classess of lipoprotein even during post prandial
metabolism Distribution of lutein among the tissues is similar to that of other carotenoids
and is determined atleast partly by LDL receptors density lutein is selectively accumulated in
different parts of the human eye. Lutein is especially abdundant at the centre of the retina
(macula) thus usually referred as mascular pigment
Nutritional relevance of lutein ([6,7))
Traditionally the nutritional importance of carotenoids in man has rested on their provitamin
A activity. However because of the presence of hydroxylated terminal rings in its structure,
lutein does not fit the structural requirement for its activity and thus shows no activity in man.
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Relationship between lutein intake and their clinical end point. ([8,,9,10])
It is assumed that increased exposure to that nutrient usually measured by intake or serum
levels is capable of enhancing a relevant biochemical indicators and or function which in turn
considered to be casually related to the modification of a disease process that is casually
related to health outcome. . Traditionally lutein intake or nutritional status assessment in
human subject has been routinely performed by dietary and biochemical methods, both of
which have advantage and limitation. Because of the selective deposition of lutein in retina,
its relevance to other tissue, intermediate biomarkers and non-0cular clinical conditions
remins to be established.
Occurrence of Lutein ( [11,12,13,14,15] )
Lutein is found in egg yolk and in many plants and vegetables, including red peppers,
mustard, broccoli, zucchini, corn, garden peas, spinach, leek, collard greens and kale. Lutein
is responsible for the coloring of many fruits and vegetables. Lutein is an antioxidant which is
believed to be an essential nutrient for normal vision.. Sunflower is a special source for
isolating lutein.
Isolation of Lutein from Helianthus annuus L. petal extract
Lutein was isolated by suspending 5g of petal powder in 100ml of hexane. The resultant
suspension was homogenized for 15min, filtered through Whatmann No.1 filter paper and the
volume was measured. The residue (pellet) of extract was weighed after drying to constant
weight to calculate the solubility of the petal powder. The solubility was found to be 30%.
The filtrate was evaporated at 55OC and concentrated to half of its volume obtained
originally. The above prepared hexane extract, 10ml of was added to 10% KOH in 20ml
ethanol. The solution was evaporated at 68OC for 15min. The resultant solution was washed
with 30ml of 1:1 mixture of water:ethanol, centrifuged the mixture at 8000rpm for 10min at
10OC. The resultant residue was re-constituted in small volume of 1:1 mixture of water
:ethanol.
Spectral analysis of Lutein isolated from Helianthus annuus L. ([16])
Spectral analysis of Lutein standard (10μg/20μl) and Lutein fraction isolated from Helianthus
annuus L. petal methanol extract (10μl) was scanned between the wavelength region of 400–
500nm. The appearance of signature wavelength for Lutein at 421, 446 and 472nm was
recorded in Hitachi 2900UV double beam spectrophotometer.
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Spectral Data for Lutein ([17,18,19,20,21] )
1.

UV: λ max (nm): : dioxane 429 (1680), 453 (2515), 482 (2259) methanol 330, 422, 443,

470
2.

NMR: & 1H-NMR 1H-NMR (270 MHz, CDCl3): 0.849, 0.998 (6H, s, 1'-gem-Me),

1.074 (6H, s, 1-gem-Me), 1.37 (1H, dd, J 13, 7, 2'ax-H), 1.48 (1H, t, J 12, 2ax-H), 1.626 (3H,
s, 5'-Me), 1.739 (3H, s, 5-Me), 1.84 (1H, dd, J 13, 6, 2'eq-H), 1.912 (3H, s, 9'-Me), 1.970
(9H, s, 9-, 13-, 13'- Me), 2.04 (1H, dd, J 17, 10, 4ax-H), ca. 2.33-2.45 (2H, m, 6'-, 4eq-H), ca.
4.0 (1H, m, 3-H), 4.25 (1H, 3'-H), 5.43 (1H, dd, J 15.5, 10, 7'-H), 5.55 (1H, s, 4'-H), ca. 6.12
(2H, s, 7-, 8-H), ca. 6.15 (3H, m, 8'-, 10-, 10'-H), ca. 6.26 (2H, m, 14-, 14'- H), 6.36 (2H, d, J
15, 12-, 12'-H), ca. 6.55-6.71 (4H, m, 11-, 11'-, 15-, 15'-H)

3.

13C-NMR & (CDCl3): 13C-NMR (CDCl3): 37.1 (C1), 48.4 (C2), 65.1 (C3), 42.5 (C4),

126.2 (C5), 137.6 (C6), 125.6 (C7), 138.5 (C8), 135.6 (C9), 131.3 (C10), 124.9 (C11), 137.6
(C12), 136.5 (C13), 132.6 (C14), 130.0 (C15), 28.7, 30.2 (1- gem-Me), 21.6 (5-Me), 12.7 (9Me), 12.7 (13-Me), 34.0 (C1'), 44.7 (C2'), 65.9 (C3'), 125.6 (C4'), 137.8 (C5'), 55.0 (C6'),
128.6 (C7'), 137.8 (C8'), 135.0 (C9'), 130.8 (C10'), 124.5 (C11'), 137.6 (C12'), 136.5 (C13'),
132.6 (C14'), 130.0 (C15'), 24.3, 29.5 (1'-gem-Me), 22.8 (5'-Me), 13.2 (9'- Me), 12.7 (13'Me)
Biological properties of Lutein ([22,23]).
Lutein improves heart health, protects our skin against UV damage, reduces diabetes induced
oxidative stress, and possesses anti-inflammatory and anti-cancer properties. The central part
of the retina, called the macula, contains macular pigments in which Lutein is concentrated.
The yellow colored pigments protect the retina from damage of the photo-oxidative affect of
high-energy radiations. Lutein offers eye protection by lowering the risk of age related vision
loss, which causes gradual loss of central vision. Age related vision loss or age related
macular degeneration is caused by steady damage of the retina. There are reports which
determine the effect of food supplements or eating foods rich in antioxidants that can protect
against age-related macular degeneration, a disease in which the central portion of the retina
deteriorates so that only peripheral vision remains.
Role of Lutein in Prevention of Hypoxia-Induced Cell Damage in the Eye
Free radicals which have one or more unpaired electrons in an atom or groups of atoms, come
in many different forms. The most common type of free radical in biological system is the
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reactive oxygen species (ROS) which are generated in the retina because of oxygen ([24,15])
consumption as well as high energy photon light conversion into electrochemical signaling.
The accumulation of oxygen radicals and lipid peroxidation, resulting from increased retinal
oxygen utilization, has been postulated as a mechanism for photoreceptor apoptosis via
caspase 9 activation.([26,27,28]). One of the major protective roles lutein has in the retina is to
serve as an oxygen free radical scavenger during oxidative stress conditions. The ability of
lutein to provide effective removal of free radicals, such as singlet oxygen particles, is
primarily governed by the chemical structure of two hydroxyl groups acting as strong sinks
for reactive oxygen species The effective dose (ED50) value of lutein as a free radical
scavenger is 0.7 μM ([29,30]). In addition, lutein selectively absorbs blue light, due to its peak
absorption spectrum of 446 nm. Blue light produces more light induced damage (100-fold)
than orange light, depending on the exposure time. As a consequence of its filtering
capabilities, lutein is effective in preventing photoreceptor damage produced by blue light (
[31]

).

In retinal pigment epithelial cells, fed native or UV-irradiated photoreceptor outer segments
and cultured in 40% oxygen, lutein significantly reduced lipofuscin formation ([32,33]).. In
RGC-5 rat ganglion cell lines, lutein treatment prevented cellular death following oxidative
damage via H2O2. Similar results were obtained in immortalized Müller cells ([34,35])
Role of Lutein in Age-Related Macular Degeneration (AMD)
The presence of carotenoids in the macula capable of absorbing light of the blue range
wavelength would indicate that they serve a protective function. Specifically lutein appears to
play a specific role as a photo protective agent, effectively screening out the damaging blue
light from causing excessive damage on the photoreceptors ([36])
AMD is a degenerative process of the macula and is the principle cause of blindness among
people age 65 and older in Western countries. AMD can be classified into two categories:
non-exudative (or dry) and exudative (or wet) AMD. The former is characterized by
accumulation of soft drusen caused by photo-oxidative damage and de-pigmentation of the
retinal pigment epithelium. The latter is characterized by neovascularization of the macula,
and accumulation of scar tissue ([37])
AMD is a multifactorial disease. Among the important risk factors for AMD are age, genetic
susceptibility, sunlight exposure, cigarette smoking, and poor nutritional status.
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Combined with the fact that lutein and zeaxanthin are the only carotenoids found in the
macula and comprise the macular pigment, this suggests that the observed protective effects
of high fruit and vegetable intake may be due primarily to lutein and zeaxanthin intake.([38]).
Lutein Role in Diabetic Retinopathy
In a clinical study that has been carried out in the peoples with diabetic retinopathy, showed
that the serum concentration of lutein and zeaxanthin was significantly lower in the diabetic
patients than the normal peoples. Results of the clinical study suggested that lutein and
zeaxanthin supplementation in patients led to improvement of visual acuity and decrease in
foveal thickness ([39]) and also suggests that lutein and zeaxanthin supplementation might be
potentially used as therapeutic agents in treating non-proliferative diabetic retinopathy.
Lutein in Retinal Detachment
A clinical study was carried in patients with retinal detachment. In that study it was found
the presence of high levels of lutein and retinol and very little β-carotene in the sub retinal
fluid. Lutein was the major carotenoid peak in sub retinal fluid (41.4 ± 14.1 ng/mL). high
proportion of lutein and very low amount of β-carotene in the sub retinal fluid support the
occurrence of a highly selective transport mechanism of lutein from the blood to the retina
([40])
Lutein in the Lens
Lutein and zeaxanthin are the only carotenoids present in the crystalline lens ([41,42]). Cataract
is the opacification of the crystalline lens and is caused by precipitation of lens proteins. The
development of cataract is facilitated by oxidative damage and often results in impaired
vision or blindness. It was suggested that lutein and zea xanthin may retard aging of the lens
([43])
Lutein and the Uvea
Uveitis, a common ophthalmic disorder, is responsible for approximately 10% of blindness
([44,45]).

It may be caused by autoimmune disorders, infections or exposure to toxins.

Reactive oxygen species (ROS) play an important role in mediating the inflammatory signals
induced by lipopolysaccharides (LPS). It is suggested that natural antioxidants exert
protective effects on the LPS-induced uveitis ([46] ). Oral administration of lutein (125 and
500 mg/kg/day for five days) reduced the nitric oxide level in eye tissues in an animal model
([47]) The same study showed that lutein decreased the malondialdehyde content, increased
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the oxygen radical absorbance capacity level, glutathione, the vitamin C contents and total
superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities and further
increased expressions of copper-zinc SOD, manganese SOD and GPxm RNA. Hence the
antioxidant properties of lutein contributed to the protection against LPS-induced uveitis,
partially through interfering with the inflammatory process.
Multiple animal studies on the neuroprotective effects of lutein against retinal neural damage
caused by inflammation in endotoxin-induced uveitis (EIU) ([48]) have shown that the lutein
has a dose-dependent anti-inflammatory effect on EIU. The possible mechanism for this
effect of lutein may depend on its ability to inhibit the activation of NF-κB and the
subsequent inhibition of pro-inflammatory mediators.
Protection of skin against UV light radiations by lutein ( [49,50,51,52,53]).
High intake of carotenoids –rich food is associated with reduced incidence of many forms of
cancer and this effect is due to antioxidant properties of compounds. Carotenoids are present
in epidermis and dermis are believed to play an important part in the skin’s antioxidant
defense system.. lutein protects the skin from local UV B radiations induced immune
suppression but lutein has no effect in the systemic model of UVB radiations induced
immunosuppressant. Lutein protects from sun burn reactions. Lutein protects from local UVB
radiations induced immune suppression. Dietary lutein increases murine skin content level.
Dietary lutein reduces ROS generation in Murine skin.
Protection of lutein against cancer
Time course studies with a constant concentration of 2.0 μg/ml of lutein showed significant
inhibition of malignant AT3 cells. But increased concentration of lutein 10 μg/ml did not
showed significant effect on cell growth. Lutein was found to have inhibitory effect on the
malignant cell lines AT3.([54])
Lutein had an Inhibitory effect on Epstein-Barr virus activation (anti-tumor promotion) ([55]),
Inhibitory effect on colonic aberrant crypt foci formation (anti-tumor promotion) ([56]). Lutein
showed the anti-tumor promoting activities in mouse two-stage skin carcinogenesis and
decreased the number of aberrant crypt foci in rat colon ([57]) Lutein decreased the number of
aberrant crypt foci in colons in mice.. Lutein and suppressed tumorigenesis in skin and colon
in mice ([58,59])
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Lutein Supplementation
Since lutein is completely insoluble in water, its incorporation into carrier systems has been
studied to optimize its nutritional delivery method. Traditionally, lutein is dissolved in an
organic solvent and nano-assemblies are obtained by emulsion–solvent evaporation,
associating lutein with the amphiphilic cyclodextrin C4:7 at 1:6 molar ratio in aqueous
medium. The nano-assemblies allow increased carotenoid solubility in water compared to
carotenoid by itself.
It has been suggested that 6 mg of lutein per day, either through diet or using supplements is
likely effective in reducing the risk of cataracts and AMD. Although the optimal dose for
lutein supplementation has not been established yet, the most common dose in commercial
products is 10 mg/day. Lutein is found in many natural products including broccoli, spinach,
kale, corn, orange pepper, kiwi fruit, grapes, orange juice, zucchini, and squash. There is 44
mg of lutein per cup of cooked kale, 26 mg/cup of cooked spinach, and 3 mg/cup of broccoli.
Toxicity of dietary intake of lutein (supplemental 35 mg per day) has been studied in rats and
results show no serious adverse effects.
DISCUSSION AND CONCLUSIONS
Lutein and lycopene are naturally occurring substances found in many plants. Carotenoids in
general have undergone a number of research studies as to their possible benefits against
diseases, among other health issues. Lycopene is considered as antioxidant and anticancer
agents while lutein showed marked effects on ocular conditions specially cataract. Lutein is
particularly being studied for its effects on the human eyes. Lutein and lycopene are both
found in numerous foods.
There are several epidemiological studies that link lutein supplementation with decreased risk
of AMD. Lutein supplementation has also been positively linked to increased macular
pigment density and improved multifocal electroretingram responses. Building on the
findings of the original Age-Related Eye Disease Study, the AREDS2 study is further
investigating whether supplementation with lutein and zeaxanthin, in addition to original
AREDS formula, would add additional benefit in improving AMD outcomes. Lutein has a
significant role in protecting against AMD, most likely through its absorption of the harmful
blue light, as well as its inherent antioxidant properties. The role of lutein in protecting
against diabetic retinopathy is not as well established as it is the case for AMD. Serum levels
of lutein has been shown to be lower in NPDR patients and lutein supplementation has been
www.wjpr.net
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shown to improve NPDR. The antioxidant properties of lutein would likely explain its
protective function in diabetic retinopathy. Further epidemiologic studies are needed to
establish a stronger link between lutein and improvement of diabetic retinopathy.
Several lines of evidence have also suggested a protective role for lutein in the development
of nuclear sclerosis cataracts. Considering that oxidative damage of lens proteins plays a
major role in development of cataracts, anti-oxidative functions of lutein explain its likely
role in slowing the formation of cataracts.
There are weaker lines of evidence to suggest protective roles for lutein against uveitis, and
its possible role in the pathogenesis of retinal detachment. Further studies are needed to
clarify whether lutein has a role in these ocular diseases.
In conclusion, the antioxidant, anti-inflammatory and blue light-absorptive properties of
lutein provide its many protective roles in various ocular diseases especially AMD and
cataracts. Lutein has become known as the “eye vitamin” and its dietary intake is important in
maintaining its concentration in human lens and retina.
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